INTRODUCTION
Data collected from the SEER program maintained by the NCI are usually considered the "gold standard" used to estimate the incidence and treatment of cancers throughout the United States. Prior to 1992, there were five States (Connecticut, Hawaii, Iowa, New Mexico, and Utah) and four metropolitan areas (Seattle, San Francisco-Oakland, Detroit, and Atlanta) Joan L Warren, Gerald F. Riley, and Rosemarie Hakim are with the Office of Research and Demonstrations, Health Care Financing Administration (HCFA). A. Marshall McBean is with the School of Public Health, University of Minnesota. The opinions expressed herein are those of the authors and do not necessarily reflect the views of the University of Minnesota or HCFA participating in the SEER program. The geographic areas represent about 10 percent of the Nation's population (Miller et al., 1993) , are concentrated in the western United States, and do not include large numbers of some demographic groups, such as African Americans, raising concerns about the representativeness of the data. Moreover, because the SEER areas are geographically limited, they may not capture regional variation in treatment practices for specific cancers, costs of care, and medical outcomes following treatment. In addition, there is a 2-year lag needed for NCI to obtain case reports from the State registries.
Given concern about the representativeness and timeliness of the SEER data, other data sources may be able to provide accurate and more current information regarding cancer incidence and treatment. A potential alternative source of information about the incidence of cancer in the population is the administrative data collected for insurance billing purposes, such as Medicare data. These data offer the opportunity for timely studies that include the entirety of the United States. The cancer diagnoses from administrative data for inpatient stays have been found to have high levels of sensitivity and specificity when compared with the medical record for the hospitalization (Fisher et al., 1992; Romano and Luft, 1992) . Previous studies have used Medicare hospitalization bills to analyze whether incidence rates from Medicare data were comparable to inci-dence rates from SEER data for five cancers-breast, colon, esophagus, lung, prostate, and uterus (Whittle et al., 1991; McBean, Warren, and Babish, 1994; McBean, Babish, and Warren, 1993) . The comparability of the rates varied by type of cancer. McBean, Warren, and Babish (1994) and McBean, Babish, and Warren (1993) found that for those cancers that are usually treated in the hospital setting, such as esophagus, lung, and uterine, Medicare rates were comparable to rates from the SEER data. For colon and prostate cancer, which are often treated in the outpatient setting only, the rates calculated from Medicare hospitalization and SEER data were significantly different. These studies only utilized aggregate data from SEER and Medicare for comparisons and did not attempt to link files at the individual level to determine if the same persons were being identified from the two independent sources of data.
The purpose of this study was to determine if persons identified as having incident breast cancer from the Medicare data were also found in the SEER data for that year. If a method could be developed to identify specific women with incident breast cancer from administrative data, it would help researchers to identify cohorts to examine treatment practices for the Nation or for subgroups. Given our goal, we opted to develop an algorithm with stringent inclusion criteria, resulting in a high level of specificity. A risk of using an algorithm with high specificity is the potential loss of true cases that might not be identified and the potential bias that the cases identified might be systematically different from cases not identified. Therefore, we also included in our analysis an examination of whether cases appearing in the SEER file were found in the Medicare hospitalization data. Cases found only in the SEER data were compared with cases found in both the Medicare and SEER data to determine if the cases found only in SEER data had different characteristics. Breast cancer was chosen because it is the leading type of cancer occurring in elderly women (Miller et al., 1993) and is treated in both the inpatient and outpatient setting.
METHODS

Data Sources
The two sources of data for this study were the SEER data from NCI and Medicare hospitalization data maintained by HCFA. Services, 1980) ; dates of admission and discharge from the hospital; and State of the hospital's location. For the same period, there is also Medicare enrollment data which reports if a beneficiary is eligible for Part A (hospital) services or enrolled in a health maintenance organization (HMO).
Algorithm to Identify Incident Cases
The algorithm to identify incident cases of female breast cancer from Medicare hospitalization data is as follows:
• We used 100 percent of Medicare hospitalizations for 1989 to identify all women 65 years of age or over with one or more hospitalizations with a diagnosis of breast cancer (ICD-9-CM codes 174-174.9 and 233.0) appearing as the principal diagnosis.
• Incident cases of breast cancer were defined from the Medicare data as women who had no prior Medicare hospitalization with breast cancer appearing as any of the five diagnoses from 1984-88 or history of breast cancer (ICD-9-CM V10.3) appearing as any of the five diagnoses from 1984-89.
• We excluded the estimated 5 to 6 percent of Medicare beneficiaries who were enrolled in an HMO during 1989, because Medicare utilization records for HMO enrollees are incomplete. To ensure that the beneficiaries identified from the Medicare data were indeed residents of the SEER State, we limited our analysis to women whose Medicare records indicated that they resided in one of the five SEER States in 1989 and who were also treated in a hospital located in one of the five SEER States.
However, we collected Medicare data on all cases of female breast cancer nationally so that we could determine if women reported to SEER, but not residing in and treated in one of the five SEER States per Medicare data, were found in the Medicare data for the remaining parts of the Nation.
Data linkage
We used each individual's Medicare identification number to link cases in SEER with Medicare hospitalization data. Patients with breast cancer could have been found to be incident in both the 1989 Medicare and 1989 SEER data; misclassif when they were actually prevalent cases based on appearing in SEER data for earlier years; found only in 1989 Medicare data, but not in any year of SEER data; or appearing only in 1989 SEER data, but not in the cases identified through the algorithm applied to 1989 Medicare data.
Analysis of Non-Matehed Cases
For cases not found in both data bases in 1989, we searched for a possible reason. Cases identified as incident from the 1989 Medicare data that were found to be prevalent cases based on SEER information may have been misidentified as incident because Medicare never received a hospital bill in earlier years for the cancer treatment of the patient. Reasons that Medicare might never have received a hospital bill in earlier years include: the woman developed breast cancer prior to 1984, the first year of Medicare data available for this study; she was diagnosed before becoming a Medicare beneficiary at 65 years of age; or the cancer treatment did not result in a hospitalization.
Cases found in the 1989 Medicare data, but not found in any year of SEER, were sent for evaluation to the two largest State registries, Connecticut and Iowa. We wanted to determine if these cases represented incident cases not captured by the registries or if the cases were known to the registries but were not matched because the women did not have Medicare numbers identified. Approximately 94 percent of SEER cases have a Medicare identification number (Potosky et al., 1993) .
For cases that were found only in the 1989 SEER data, we created a hierarchy of mutually exclusive possible reasons that these cases were not found in the Medicare data. These reasons include: factors that might result in Medicare never receiving a hospital bill for the case; cases that appeared in the Medicare data but did not meet the criteria developed for our algorithm; or mismatch due to our use of 14 months of SEER data, compared with 12 months of Medicare data, to adjust for any time lag between when a woman was diagnosed and underwent hospital treatment. We compared the cases appearing only in SEER with cases appearing in both files to determine if there were differences in age group, race, site of report, stage of breast cancer, or type of surgery performed. Chi-square tests with 95-percent confidence intervals were calculated to assess if there were significant differences between the cases found only in SEER and cases found in both files.
RESULTS
In 1989, there were 2,247 elderly Medicare women hospitalized with incident breast cancer identified from the algorithm (Table 1) . We were able to match 2,106 (93.7 percent) of the incident cases to any year of SEER data, with 2,051 (91.3 percent) of all incident cases found in the 1989 Medicare file reported to SEER in 1989. Of women identified as having incident breast cancer from the Medicare data, 55 (2.4 percent) were really prevalent cases and 141 (6.3 percent) could not be matched to any year of the SEER data. Comparing SEER data with Medicare data revealed that of the 3,454 women who were 65 years of age or over who were reported in the 14 months of SEER data, 2,051 (59.4 percent) were matched with the 1989 Medicare incident cases. A residual of 1,403 cases appeared in SEER only.
Nineteen of the 55 women (34.5 percent) identified as prevalent by SEER data were reported to SEER prior to 1984, the first year of Medicare hospitalization data available. Nine women (16.4 percent) were diagnosed with breast cancer before they turned 65 years of age and became eligible for Medicare. An additional nine cases may not have generated a hospital bill because SEER data showed that no in-hos- pital surgery was performed. There were 18 prevalent cases (32.7 percent) for which we could identify no possible reason as to why the algorithm misidentified prevalent cases as incident cases. There were a total of 115 Connecticut and Iowa women who appeared in the Medicare data but did not appear in any year of SEER data. After being sent for review, 105 cases (91.3 percent) had already been identified by the Connecticut and Iowa registries (Table 2) . These cases could not be matched to Medicare hospitalization data because the SEER file did not have a Medicare identification number for these persons. Ninety-eight of the 115 cases (85.2 percent) were diagnosed in 1989. Of these cases, 7 had in the Medicare data a principal diagnosis of breast cancer without a procedure, 9 cases had a principal diagnosis of breast cancer and a breast procedure other than mastectomy, and 82 had a principal diagnosis of breast cancer and a mastectomy. Only 1 of the 115 cases was found to be an incident case not previously captured by the registry.
Of the 1,403 cases found only in the SEER data, the most frequent explanation was related to a lag in time between diagnosis and treatment. Three hundred nine cases (22 percent) were found in November or December 1988, and 76 (5.4 percent) appeared in the Medicare hospitalization files in 1990 (Table 3) . Another 299 cases (21.3 percent) had factors that might result in Medicare not receiving a hospital bill for the patient. For example, 118 cases (8.4 percent) were enrolled during 1989 in HMOs, which are not required to submit bills for hospitalization to Medicare. An additional 236 cases (16.7 percent) were reported in the 1989 Medicare hospitalization data, but were excluded from the incident cohort because of criteria for the algorithm. Ninety-three cases (6.6 percent) were omitted because breast cancer appeared a secondary diagnosis. We could not explain why 483 cases (34.7 percent) appeared in SEER only. We compared characteristics between cases found in the SEER data only and the cases found in both SEER and Medicare data to determine if there were significant differences between the two groups. As shown in Table 4 , cases found only in the SEER data were more likely to be 85 years of age or over, have in situ or unstaged cancer, and to be reported by a source other than the hospital. In addition, cases appearing only in SEER had a higher proportion of women having no surgery, biopsy only, or breast conserving surgery, although almost 50 percent underwent simple or modified radical mastectomy.
DISCUSSION
We are encouraged that the algorithm used to identify incident cases from the Medicare data has a high level of specificity. At first, we found that 91.3 percent of cases defined as incident cases from the Medicare data were matched to the SEER data of the same year. With additional information from two of the five State registries, we were able to classify as incident or prevalent the 141 cases not found in SEER data. The addition of cases identified as incident by the registry increased the portion of true incident cases found in 1989 Medicare data to 96.6 percent.
The number of prevalent cases misidenti low. Including the portion of cases identified Of the cases found only in the 1989 Medicare file, it is noteworthy that over 90 percent were found in the existing registry files for Connecticut and Iowa. The apparent cause of this is that women appearing only in the Medicare data were not being identified as Medicare beneficiaries when the SEER file with Medicare identifiers was created in 1993. There does not appear to be a problem with incident cases being missed by the registries.
A major concern of our analysis is that a large number of cases reported to SEER did not appear in the Medicare hospitalization data. We initially theorized that much of the low sensitivity of the algorithm reflected our empirically driven decision to use 14 months of SEER data to match against 12 months of Medicare data. We took the cases appearing in only the SEER data and subset them to include only those reported to the registries in the last 2 months of 1988 (309 of 1,403). These cases were then compared with the 1988 Medicare hospitalization data to determine how many have had a Medicare hospital bill during November and December 1988. Only 12 of the 309 cases appearing only in the SEER data had a Medicare hospitalization for breast cancer during the last 2 months of 1988.
Other reasons that cases appeared only in the SEER data reflect the limitations of working with administrative data. Relying on billing data to identify cases can only succeed if bills are submitted. We could identify for over 20 percent of the women reported only by SEER an administrative reason why Medicare might not receive a hospital bill (Table 3) . Unfortunately, there is little that could be done to ascertain cases that were missed as a result of administrative factors.
On the other hand, some of the cases found only in the SEER data could have been found in the Medicare data if the algorithm were changed. Almost 17 percent of cases reported as being found only in the SEER data actually appeared in the Medicare data, but were excluded from the incident cohort as a result of criteria included in the algorithm. Before adopting the algorithm presented in this article, we performed a sensitivity analysis to assess a variety of algorithms to determine which would result in the best sensitivity and specificity using Medicare data. With the other varied algorithms, the specificity to identify true incident cases decreased to 80-85 percent, while the sensitivity of the Medicare data remained essentially unchanged (data not shown). Our inability to improve the sensitivity even with the use of more inclusive algorithms demonstrates that there may be cases reported to SEER that will never be found by looking only at the hospital data.
The lack of inpatient treatment may also explain the differences we noted between women found in both the Medicare and SEER data and women found only in SEER data. Women with breast cancer who are not hospitalized will not have a hospital bill. Cases appearing in the SEER data only had a higher proportion of women 85 years of age or over, a group less likely to have surgery than younger elderly women (Bergman et al., 1991; Goodwin, Hunt, and Samet, 1993; Mann et al., 1988) . Another reason that cases might appear only in the SEER file is that surgery was performed in an outpatient setting. This theory is supported by the higher portion in the SEER data of in situ cases and more women undergoing breast-conserving surgery, although the 50 percent of cases in the SEER-only file undergoing mastectomy cannot be overlooked.
CONCLUSION
From our analysis, it is clear that hospital data can be very useful to identify incident cases of cancer for those cancers that are treated predominantly with an inpatient hospitalization. However, for cancers such as breast cancer that are often treated only in outpatient settings, additional data from the physician office and outpatient sites are needed to understand the entirety of treatment practices. Previous studies that have only utilized Medicare hospitalization data to describe geographic variation in the treatment of breast cancer did not capture services in the outpatient setting (Nattinger et al., 1996; Nattinger and Goodwin, 1994; Nattinger et al., 1992) . Therefore, these studies may not reflect the entirety of the current treatment practices among elderly women in the United States.
For the time period of this study, 1989, the Medicare data available for outpatient and physician services were limited to 5 percent of beneficiaries and the data did not contain diagnoses. In 1991, HCFA altered data collection and the physician bill format. Since that time, 100 percent of all physician bills are available and these bills now include an ICD-9-CM diagnosis. HCFA and NCI are presently updating the project to identify Medicare numbers for all persons reported to SEER When the update is completed, there will be SEER and Medicare identification numbers available through 1993. These data will present the opportunity to develop algorithms for identifying incident cases of breast cancer from physician bills as well as hospital cases. In the interim, researchers who plan to use administrative data to evaluate treatment of breast cancer should be aware of the strengths and the limitations.
